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Methods of Forming Capacitors 

TECHNICAL FIELD 

[0001] This invention relates to methods of forming capacitors. 
BACKGROUND OF THE INVENTION 

[0002] A continuing goal of semiconductor processing is increased 
miniaturization while maintaining high performance. Miniaturization has 
caused aspect ratios of capacitor structures and memory arrays to increase. 
Capacitor structures might be 15,000 to 20,000 A tall and only 1000 A 
across. These high aspect ratios present challenges when forming 
capacitors. One particular challenge concerns supporting capacitor 
electrodes upright while the capacitors are being fabricated. 

[0003] While the invention was motivated by addressing the above issues 
and challenges, it is, of course, no way so limited. The invention is only 
limited by the accompanying claims as literally worded and appropriately 
interpreted in accordance with the doctrine of equivalents. 
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SUMMARY OF THE INVENTION 

[0004] This invention includes methods of forming capacitors. In one 
implementation, a method of forming a capacitor sequentially includes 
forming an inwardly-tapered-sidewall spacer within an opening of a 
capacitor electrode forming layer. A first capacitor electrode layer is 
deposited over the inwardly-tapered-sidewall spacer within the opening. A 
capacitor dielectric region is formed and then a second capacitor electrode 
layer is formed over the first capacitor electrode layer. 

[0005] In one implementation, a method of forming a capacitor includes 
providing a substrate having a capacitor electrode forming layer thereon. 
The capacitor electrode forming layer has an opening. A sidewall spacer is 
formed within the opening. The sidewall spacer is laterally thicker at an 
elevationally outer portion within the opening as compared to an 
elevationally inner portion within the opening. A first capacitor electrode 
layer is formed within the opening laterally over the sidewall spacer. At 
least a portion of the sidewall spacer is removed. A capacitor dielectric 
region and a second capacitor electrode layer are formed over the first 
capacitor electrode layer. 

[0006] In one implementation, a method of forming a capacitor includes 
forming an opening within a capacitor electrode forming layer over a 
substrate. The opening has sidewalls and the sidewalls have upper 
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portions. A spacing layer is deposited over the capacitor electrode forming 
layer to within the opening over at least the upper portions of the sidewalls. 
The spacing layer is formed to be laterally thicker at an elevationally outer 
portion within the opening as compared to an elevationally inner portion 
within the opening. A spacer is formed within the opening by anisotropically 
etching the spacing layer. The spacer is laterally thicker at an elevationally 
outer portion within the opening as compared to an elevationally inner 
portion within the opening. A first capacitor electrode layer is formed 
laterally over the spacer within the opening. After forming the first capacitor 
electrode layer, at least a portion of the spacer is removed and a capacitor 
dielectric region and a second capacitor electrode layer are formed over the 
first capacitor electrode layer. 

[0007] Other aspects and implementations are contemplated. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Preferred embodiments of the invention are described below with 
reference to the following accompanying drawings. 

[0009] Fig. 1 is a diagrammatic cross-sectional view of a substrate 
fragment in process in accordance with an aspect of the invention. 
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[0010] Fig. 2 is a view of the Fig. 1 substrate fragment at a processing 
stage subsequent to that of Fig. 1. 

[0011] Fig. 3 is a view of the Fig. 2 substrate fragment shown at a 
processing stage subsequent to that of Fig. 2. 

[0012] Fig. 4 is a view of an alternate embodiment substrate fragment to 
that shown by Fig. 3. 

[0013] Fig. 5 is a view of the Fig. 3 substrate fragment shown at a 
processing stage subsequent to that of Fig. 3. 

[0014] Fig. 6 is a view of an alternate embodiment substrate fragment to 
that shown by Fig. 5. 

[0015] Fig. 7 is a view of the Fig. 5 substrate fragment shown at a 
processing stage subsequent to that of Fig. 5. 

[0016] Fig. 8 is a view of the Fig. 7 substrate fragment shown at a 
processing stage subsequent to that of Fig. 7. 

[0017] Fig. 9 is a view of the Fig. 8 substrate fragment shown at a 
processing stage subsequent to that of Fig. 8. 
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[0018] Fig. 10 is a view of the Fig. 6 substrate fragment shown at a 
processing stage subsequent to that of Fig. 6. 

[0019] Fig. 10 is a view of the Fig. 9 substrate fragment shown at a 
processing stage subsequent to that of Fig. 9. 

[0020] Fig. 11 is a view of the Fig. 10 substrate fragment shown at a 
processing stage subsequent to that of Fig. 10. 

[0021] Fig. 12 is a view of the Fig. 11 substrate fragment shown at a processing 
stage subsequent to that of Fig. 11 . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the progress of 
science and useful arts" (Article 1, Section 8). 

[0023] Exemplary capacitor forming methods in accordance with some 
aspects of the present invention, are described with reference to Figs. 1-12. 
Referring to Fig. 1, a substrate 10 comprises a base semiconductive 
substrate 3, for example bulk monocrystalline silicon, having a capacitor 
electrode forming layer 1 there over. An exemplary material for layer 1 is 
borophosphosilicate glass (BPSG). To aid in interpretation of the claims that 
follow, the terms "semiconductive substrate" and "semiconductor substrate" 
are defined to mean any construction comprising semiconductive material, 
including, but not limited to, bulk semiconductive materials such as a 
semiconductive wafer (either alone or in assemblies comprising other 
materials thereon), and semiconductive material layers (either alone or in 
assemblies comprising other materials). The term "substrate" refers to any 
supporting structure, including, but not limited to, the semiconductive 
substrates described above. Further the term "layer" includes both the 
singular and the plural, unless otherwise indicated. 

[0024] Referring to Fig. 2, openings 5 have been formed in capacitor 
electrode forming layer 1, for example by etching. Capacitor electrode 
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forming layer 1 can be considered as having an elevationally outermost 
surface 11 proximate openings 5. Openings 5 include sidewalls 9. In the 
illustrated embodiment, sidewalls 9 include at least some straight linear 
portion which is angled from normal to elevationally outermost surface 11. 
In one implementation, the straight linear portions are angled at least 5 
degrees from normal to elevationally outermost surface 11; in another, at 
least 10 degrees; and in another, at least 15 degrees. Exemplary diffusion 
regions 7 have been formed within substrate 3 for electrical connection with 
the capacitor being formed, as will be apparent from the continuing 
discussion. 

[0025] Referring to Fig. 3, a spacing layer 13 has been deposited over 
capacitor electrode forming layer 1 within openings 5 over at least upper 
portions of sidewalls 9. Exemplary spacing layer 13 materials are TiN and 
polysilicon. Spacing layer 13 can be considered as having elevationally 
outer portions 15 within openings 5 and elevationally inner portions 16 
within openings 5. Spacing layer 3 has been formed to be laterally thicker at 
elevationally outer portions 15 as compared to elevationally inner portions 
16. Spacing layer 13 may also be deposited over only portions of sidewalls 
9 or over an entirety of sidewalls 9 as shown in Fig. 3. 

[0026] For example, any one or more of pressure, temperature, precursor 
flow rate, and other parameters might be modified in a particular CVD 
process to achieve laterally thicker outer portions as compared to inner 
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portions within openings. For example, providing a deposition pressure of at 
least 10 Torr, for example from 10 Torr to 20 Torr, and even greater than 20 
Torr, can provide the laterally thicker outer portion effect in some CVD 
processes. Such can also be facilitated in some CVD processes by 
increasing temperature to from 600°C to 700°C, or higher. 

[0027] In one exemplary implementation for a TiN comprising spacing 
layer, TiCI 4 and NH 3 can be flowed to substrate 10 simultaneously at a 
volumetric ratio of TiCI 4 to NH 3 of less than 4:1, for example from about 1:1 
to about 3:1, with closer to 1:1 being more preferred. Preferred pressures 
are from 10 Torr to about 20 Torr, or higher, with preferred temperature 
being from about 600°C to about 700°C, or higher. Spacing layer 13 may 
also be deposited over only portions of sidewalls 9, or over an entirety of 
sidewalls 9 as shown in Fig. 3. 

[0028] Referring to Fig. 4, an alternate embodiment substrate 10a to 
substrate 10 depicted by Fig. 3 is shown. Like numerals to those of the first 
described embodiment are utilized where appropriate, with differences being 
indicated with the suffix "a". Spacing layer 13a has been deposited over 
only portions of sidewalls 9. Depending upon aspect ratio, CVD, or other 
processing parameters, deposition might appear more like Fig. 3 or more 
like Fig. 4. Higher aspect ratios may tend more toward the Fig. 4 
deposition. Material of layer 13/1 3a may or may not form over substrate 
material at the back of the openings. 
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[0029] Referring to Fig. 5, spacers 17 have been formed within openings 5 
at a processing stage subsequent to that depicted in Fig. 3. Spacers 17 
include sidewalls 20. In the illustrated and preferred embodiment, sidewalls 
20 include at least some straight linear portion which is angled normal to 
outermost surface 11. Spacers 17 can be considered as having 
elevationally outer portions 18 within openings 5 and elevationally inner 
portions 19 within openings 5. Spacers 17 are laterally thicker at 
elevationally outer portions 18 as compared to elevationally inner portions 
19. In one exemplary implementation, spacers 17 are formed by 
anisotropically etching spacing layer 13. Spacers 17 might be formed over 
only portions of sidewalls 9, or over an entirety of sidewalls 9 as shown in 
Fig. 5. 

[0030] Referring to Fig. 6, substrate 10a of Fig. 4 has been processed to 
form spacers 17a, for example by anisotropic etching. Spacers 17a have 
been formed over only portions of sidewalls 9. 

[0031] The above described embodiments are only exemplary of 
techniques that may be utilized to form inwardly-tapered-sidewall spacers, 
for example using deposition and anisotropic etch. Any other known or yet- 
to-be developed techniques might also be utilized. For example, and by 
way of example only, spacers might be grown in a manner that forms 
laterally thicker spacers at outer portions of openings as compared to inner 
portions of openings. 
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[0032] Referring to Fig. 7, a capacitor electrode layer 21 is formed over 
spacers 17, for example laterally there over as shown. Exemplary capacitor 
electrode layer 21 materials are TiN and polysilicon. In one exemplary 
implementation, spacers 17 can comprise TiN and capacitor electrode layer 
21 can comprise polysilicon. In another exemplary implementation, 
capacitor electrode layer 21 can comprise TiN and spacers 17 can comprise 
polysilicon. Other materials and combinations are, of course, contemplated. 
Capacitor electrode layer 21 can be formed by any existing or yet-to-be 
developed technique, with chemical vapor deposition being but one 
example. 

[0033] Referring next to Fig. 8, capacitor electrode layer 21 has been 
removed elevationally outward of capacitor electrode forming layer 1 and 
spacers 17. An exemplary technique is chemical mechanical polishing 
(CMP), although any existing or yet-to-be developed technique is 
contemplated. Such provides but one example of forming a capacitor 
electrode. 

[0034] Referring to Fig. 9, at least portions of spacers 17 have been 
removed. An exemplary method of removing a TiN spacer material includes 
exposure to a mixture comprising H 2 S0 4 and H 2 0 2 . In one exemplary 
implementation, the H 2 S0 4 and H 2 0 2 mixture has a weight ratio of H 2 S0 4 to 
H 2 0 2 of about 2:1. An exemplary method of removing a polysilicon spacer 
includes exposure to tetramethylammonium hydroxide. (TMAH). At least a 
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portion, a majority, or substantially all of spacers 17 may be removed. 
Alternately, but less preferred, a substantial entirety of the spacer might 
remain. 

[0035] Referring to Fig. 10, capacitor electrode forming layer 1 has been 
removed. Capacitor electrode forming layer 1 may be removed by known or 
yet-to-be developed techniques, with selective etching being but one 
example. 

[0036] Referring to Fig. 11, a capacitor dielectric region 25 has been 
formed over the capacitor electrode layer 21. Exemplary dielectric region 
material includes silicon dioxide, silicon nitride and any high k dielectric 
material or materials whether existing or yet-to-be developed. Referring to 
Fig. 12, a capacitor electrode layer 27 has been formed over dielectric 
region 25, thus forming an exemplary formation of capacitors 30. Dielectric 
region 25 and capacitor electrode layer 27 can be deposited by any existing 
or yet-to-be developed technique, with chemical vapor deposition being but 
one example. 

[0037] In compliance with the statute, the invention has been described in 
language more or less specific as to structural and methodical features. It is 
to be understood, however, that the invention is not limited to the specific 
features shown and described, since the means herein disclosed comprise 
preferred forms of putting the invention into effect. The invention is, 
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therefore, claimed in any of its forms or modifications within the proper 
scope of the appended claims appropriately interpreted in accordance with 
the doctrine of equivalents. 
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